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-INTRODUCTION
High energy spin physics has been very active over the last twenty years or so. New experimental results together with relevant progress in understanding the dynamical mechanisms are periodically reported in topical conferences devoted to this exciting field of research /l/. Here, my task will be to provide a survey, far from being exhaustive, of the most significant spin effects, expected or already observed, in various areas of high energy physics, together with their consequences. Some of these effects are actual experimental data which have or do not have a clear interpretation, as we will see. We will also make some speculations for new effects which remain to be discovered either within the framework of the Standard Model or beyond, using polarized initial beams or final state polarization measurements. Spin dependent observables contain a unique type of information which is buried in unpolarized cross sections. Spin has been shown to be very useful in the limited energy range it has been explored so far, and we anticipate that polarization phenomena is likely to play a significant role for future high energy programs. As we will stress, this should motivate new theoretical efforts, in order to generate further experimental challenges.
The outline of the paper is as follows. Section 2 contains a discussion of spin effects in high energy electron-positron annihilation which allows, in particular, establishing the spin-l/:! nature of the quarks, and measuring their electroweak couplings. Section 3 covers polarized deep-inelastic ep scattering dealing with weak interaction issues, compositeness and very briefly with the question of the proton spin and polarized structure functions. In section 4 we consider spin effects in hadronic collisions mainly for exclusive reactions at large angles and for some typical inclusive reactions.
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-e+e COLLISIONS
In electron-positron collisions, the incident beams annihilate into a virtual intermediate state which is either a photon or a Z0 according to the Standard Model. The amplitude is fully determined by the coupling constants of these gauge bosons to the produced final state and we expect characteristic effects depending on the initial and final spins. Clearly, this is one of the most interesting areas for testing the structure of the electroweak gauge theory. As an illustration, we will only consider two different cases with either effects related to polarized initial beams or with unpolarized beams and the observation of the polarization of particles produced in the final state. 
i) Spin of the quarks
In e+e-storage rings, radiative effects generate a natural beam transve~se polarization PT(e+) = -PT(e-) = P with a maximum value of 92%. The existence of this beam polarization has been observed both at SPEAR/2/ and PETRA/3/ up to 4 = 30 GeV. It leads to a specific azimuthal distribution which has been used to determine the degree of the beam polarization and also to check directly that quarks are spin-112 objects. Let us consider the inclusive process e+e-+ hX where the hadron h is a fragmentation product of a quark q (or antiquark q) in e+e--+ 7: + q7j. The angular distribution of h has the simple expression du E = 00 (1 + n cos2 6' + p20 sin2 6' cos 24)
(1) where B and 4 are the polar angles in the frame where Oz is the electron beam direction and Oy is that of the magnetic guide field. If UL and UT are the cross sections where the virtual photon y* is purely longitudinal, respectively purely transverse, we have a = ( u F -u L ) / ( u~+ u~) so for spin-112 quarks UL = 0, i.e., ol = +l, whereas for spin-0 quarks OT = 0, i.e., a = -1. The 4 distribution observed at SPEAR, as shown in fig. la , has minima for 4 = x/2, 3n/2, whereas Q. lb, which corresponds to unpolarized beams,
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Figure 2: The energy dependence of the polarization P, of U (or c) quarks and of the ~olarization P, of s (or b) quarks at cos 6 = 0 for unpolarized ( -), right-handed cu = + ( ----) and left-handed a = -(---)initial e; in the reaction e+e; + qxq (from ref. 4).
shows a flat distribution. A similar pattern has been measured at PETRA up to 6 = 30 GeV. Therefore, one concludes that quarks are indeed spin-112 particles.
ii) Electroweak quark couplings
Among the vaxious fundamental tests of the Standard Model, one should measure the electroweak quark couplings which are predicted unambiguously, i.e., for the Z0 interaction -ey"(aq -bqy5) one has a, = 1 -813 sin2 6,, bq = 1 for q = U, c, t
A possible method for doing that is to consider unpolarized (or polarized)e+e-annihilation into qij in lowest order in the energy range 30 < f i < 150 GeV. Due to the axial couplings of the ZO, the quark (or antiquark) has a non-zero longikdinal polarization Pp = (U+ -U-)/(U+ + U-) where a+(u-) is the cross section with the quark helicity +(-). An obvious calculation leads to the results displayed in fig. 2 and we see that even in the case of unpolarized beams the effects are large. Note that at the Z0 peak one finds which reaches a value close to 100% for the down-type quarks (see fig. 2 ). Of course since the quarks are confined this effect cannot be observed directly and it has to be transmitted to.the outgoing hadrons produced by the quark (antiquark) fragmentation. Among them, certainly the hyperon A is favoured because fist, in the SU(6) limit, the A polarization PA is that of the S quark it contains, and second, the A polarization is relatively easy to measure due to its characteristic decay angular distribution. As an illustration we show in fig. 3 some predictions for PA versus f i and for different values of z = EA/(fi/2). As expected the A's observed with a large z, have an s quark directly coupled to the Z0 and therefore have a maximum PA which depends very weakly on the fragmentation model. From the measured cross section at PEP151 it seems that at LEP energy, the event rate for A production at high z is sizeable enough to make this test practical.
Apart from these, if one goes beyond the Standard Model, polarization effects can be used to search, in a deeper way, anomalous effects in e+e-+ yy, yZ, ZZ for heavy lepton pair production and to provide a clear signature for the production of supersymmetric particles. For example,/6/ as a consequence of eq. (l), the q5 dependence in the reaction e+e-+ is predicted to have minima shifted to q5 = 0, n.
-POLARIZED DEEP INELASTIC LEPTON SCATTERING
There are various theoretical ideas about the physics which is expected to be tested by present and future e*p colliders with polarized beams. We will first briefly recall some weak interactions issues and search for new physics accessible in a very high Q2 range. Next we will make some short comments on the exciting problem of the structure of the proton spin which will be extensively discussed by the next speaker/7/.
i) Weak interactions and new physics issues
Some fundamental questions remain to be answered by the future HERA ep collider at the energy 4 = 314 GeV, in particular from the study of electron-quark scattering induced by neutral and charged current S.
Parity is violated in deep inelastic lepton scattering because of the y* -Z0 interference and in the reaction Zp + e x , with an unpolarized proton and a longitudinally polarized electron beam, the single helicity asymmetry defined as do--da+
where GF is the Fermi constant and a the fine structure constant. Note that AL is growing with and some years ago, an heroic SLAC experiment/8/ has found at small Q2 values is large, due to the lefthandedness of the standard charged currents. One can also try to detect right-handed currents in the "wrong" helicity reaction eS;p --t vex.
ii) Polarized structure functions and the proton spin
The parity violating spin symmetry discussed above, which does not involve polarized protons, is indeed insensitive to the proton spin and to polarized structure functions. This information can be obtained from deep inelastic lepton scattering with both electron and proton polarized.
Two years ago the European Muon Collaboration (EMC) has reported the results of an accurate experiment/l2/ in polarized leptoproduction which has created a great deal of interest in the dynamical origin of the proton spin. The measured quantity is the double helicity asymmetry -.in polarized muon-proton deep inelastic scattering. Here du++ and du+-denote the cross sections where the muon beam polarization is along the beam axis and the target polarization is either parallel (+) or antiparallel (-) to it. This measurement allows, in the scaling limit, the determination of the quantity where, as usual in the parton model, we define for a given parton the unpolarized distribution f = f+ + fand the parton helicity asymmetry A f = f+ -f-, f* being the distributions of this parton in a polarized nucleon with helicity either parallel (+) or antiparallel (-) to that of the parent nucleon. Here X denotes the Bjorken variable. Clearly gluons do not contribute to the sum in eq. (9) because they don't couple to photons. We show in fig. 5 the result for the asymmetry AI on polarized protons from an earlier SLACYale experiment113 and from the recent EMC experiment over the kinematic range 0.015 5 X < 0.7 and 4 1.5 5 Q2 5 70 GeV . The two sets of data are fairly consistent for X > 0.1, but the very small X range has been uniquely explored by the EMC. In addition the proton spin can also get contributions from gluon helicity asymmetry and parton orbital angular momentum provided one satisfies the obvious first constraint where similarly to eq. (ll), AG is defined as the integral over X of AG(x) and < L, > is the average orbital angular momentum. Second, there is the well known Bjorken sum rule/l6/ which reads where and g: are the proton and neutron polarized structure functions, defined as which can be extracted from the measurement of A1 on proton and neutron target and where GA and Gv denote the vector and axial vector P-decay couplings. From the EMC result shown in fig. 5 , providing a good determination of the small X region, one can obtain a very accurate value for the integral of One way to interpret this result/l2/, because As is found to be large and negative/l7/, is to conclude that the proton spin is not carried by the quarks, i.e., AC cx 0, in clear contradiction with the naive quark model expectations,/18/ i.e., AC = 1. Another possible interpretation related to the consideration of the anomaly of the flavor singlet axial-vector cument/7/, leads to invoque a large and positive AG. This gluon polarization should generate spectacular spin effects at short distances in hadronic collisions, i.e. direct photon or jet production, which remain to be discovered.
-HADRONIC COLLISIONS
Perturbative QCD is a dynamical approach going beyond the parton model which is meant to describe accurately what one observes in hadronic collisions at high energy. As we will see, definite expectations from perturbative QCD based on helicity conservation are not satisfied by experimental polarization data. Another crucial problem, which is a real challenge for perturbative QCD, is to know how to treat transverse polarization? We will fist consider exclusive reactions at large angles, which are far from being fully understood, and then inclusive reactions where large transverse spin effects have been extensively observed in hyperon production and also in meson production and which remain to be explained. i) Exclusive reactions at large angles These processes are described in terms of hard scattering models and are expected to provide important tests on hadronic wavefunctions at short distances and on the nature of parton-parton interactions. One possible theoretical framework is perturbative QCD/19/ which is predicting for the cross section of any exclusive process a + b -+ c + d, the asymptotic scaling law where S is the center of mass energy square and is the center of mass scattering angle. For baryonbaryon and baryon-antibaryon scattering one expects n = 10, but this behaviour does not seem to agree with recent data reported in fig. 6 . The pp data fit to and this line extrapolates reasonably well to the data at pla6 = 10 GeV/c obtained at BNL/21/, i.e., (48 f 5) n b / ( G e V /~)~. The pp data fall more rapidly than the lower curve which is S-l2 Cross-sections at 90 degrees and this is consistent with some upper limits obtained at higher energies. So the quark counting rule attached to eq. (16) is not obeyed and it is not clear either whether the absolute normalization of the cross section given by F ($,.,,) , which is in principle calculable from an impressive number of lowest order diagrams, is correct/22/. Even more serious are the failures associated to the helicity conservation rule ~redicted by perturbative QCD implying that as a consequence of the vectorial nature of the gluon and of the chiral limit for light quarks. For pp elastic scattering this rule implies, in particular, that the single flip amplitude b5 must be zero at large angles, so the analyzing power A must vanish because it is linear in 4 5 . This is obviously not verified by the data presented in fig. 7 and the sizeable effect observed in the large angle region was shown to be simply predicted/24/ by means of an interference mechanism, with no free parameter, involving a set of hard scattering amplitudes which violates eq. 17.
The same mechanism anticipates for the transverse spin-spin correlation parameter ANN at = 90' a value of 90% or so for pl,b = 20GeV/c which will remain large as energy increases. This is very different from an earlier prediction of the quark-interchange mode1/25/ using also eq. (17) which leads to ANN(900) = 113. The available data on this parameter shown in fig. 8 has a clear excursion up to 60% at pl,b = 12 GeVIc. However, there are other theoretical possibilities trying to describe the energy dependence of ANN(9O0) by considering either dibaryon resonances/27/ or Sudakhov effects1281 which lead to an oscillatory pattern. Clearly more data are needed for pr,b > 12 GeV/c to clarify this important issue.
In meson-baryon scattering there is also interesting data at large angles and in particular one finds a strong p alignment1291 in r p -+ p-p which was well predicted by a hard scattering model/30/ which obviously does not obey eq. (17). We now turn to a very interesting set of data on various elastic and inelastic meson-baryon cross sections at 9 0 ' and 10 GeV/c 1311. The results are reported in fig. 9 and clearly it is striking to observe that the smallest cross sections are those for the reactions which do not allow a quark interchange. For example K+p elastic scattering has a cross section of a few nanobarns whereas K-p has a much smaller cross section. It corresponds t o the fact that K + which is a US state can interchange its U quark with one of the proton whereas K -which is a iis state cannot. Notice also the huge difference between pp and jip (see also fig. 6 ), the first one allowing a maximum quark interchange and the second one none. One can also remark from fig. 9 that d quark interchange in reactions 2 and 6 leads to smaller cross sections than U quark interchange in reactions 1, 3, 5 and 7. In this respect, let us recall that at 12 GeV/c np elastic scattering is about one half of pp elastic scattering/32/.
There are several other inelastic reactions where one could check the dominance of quark interchange over pure gluon exchange, for example K-p -+ nOA and n-p + r O n . Fkom the values of the cross section known around 5 GeV/c by using eq. (16), assuming it holds for meson-baryon scattering, one can extrapole to get their magnitudes at 10 GeV/c. We find that they turn out to be of the order of one nanobarn, which is large, but a direct confirmation from experiment is needed. We conjecture that quark interchange is also related to sizeable transverse baryon polarization effects in the large angle region and there is already some evidence for that in K-p -+ 7r0A/33/, pn + np/34/ and pp + nn7r-1351.
ii) Transverse spin in inclusive hadronic reactions Let us consider the inclusive hadronic reaction where one observes the transverse ~olarization state of one of the hadrons ( initial or final). The simvlest measurable quantity is the single transverse spin asymmetry (or up-down asymmetry) defmed as, for examde if c is volarized, By using the generalized optical theorem one can write Adu = Im (f; f-) where do = uc(t) + duc(l) is the corresponding unpolarized inclusive cross section described by means of f+, the forward non-flip 3 -t 3 helicity amplitude abG -+ abcx, while f-is the forward flip amplitude abcx -i abc-A. In order to get a non-zero A, one needs both f+ and f-, moreover these two amplitudes should have a phase difference. This point is important and should be taken seriously if we want to have a real understanding of the available experimental data. These asymmetries for inclusive hyperon production in proton induced reactions were discovered to be large, more than ten years ago1361 and since then, they have been the subject of a systematic study for several hyperons and antihyperons, leading to typical patterns/37/ for the measured A(xp,pT) as a function of XF and pq-. One important observation is that the asymmetries are essentially independent of the incident beam energy. This is also true for the meson induced reactions which have also yielded some very interesting information, for example, the A asymmetry is large and positive in the K-fragmentation region.1381 These large spin effects occur mainly in the fragmentation region of either the beam or the target, i.e. I XF 1-0.5 and they should help to identify the underlying dynamical mechanism. Some semiclassical fragmentation models/39/ provide simple arguments for a qualitative understanding of the data, but since they ignore the question of the phase, they fail to make serious quantitative predictions. A is always positive and growing with pq-for T+, whereas it vanishes for T-. The asymmetry for K: has no pq-dependence in the central region as shown in fig. 10 with an average value of -10%. Going up in energy, let us recall a result from Serpukhov/42/ at pl,b = 40 GeV/c with a polarized target in T-p -+ r O X where a large effect has been observed which is, in sign and magnitude, consistent with the BNL T+ data.
A satisfactory interpretation of these data is not yet available and although x~ 0 is a kinematic region where perturbative methods and hard scattering models may apply, the incident energy is most probably too low and it could very well be that these mesons which populate the central region are decaying products of resonances produced in the fragmentation regions. The behaviour of the unpolarized cross section can certainly help to decide. Finally, let us mention that with the 200 GeV/c FNAL polarized proton beam, a large asymmetry in pp + .rrOX has been found1431 for pr above 3 GeV/c but opposite in sign to those at lower energies. This is totally unexpected and makes the present situation even more puzzling.
